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ABSTRACT 
This project dealt with the design and fabrication of bandpass filter centered at 16 
GHz using modem thick-film technology. The rapid development of the commercial 
microwave circuits requires a low cost, cheaper technology to replace the old, more 
expensive thin-film technology. Therefore, thick-film technology is the best 
alternative. The effects of fabrication tolerances in the physical dimensions of various 
parameters were being investigated as well. The analysis of the result can then be 
applied to determine the trade off between perfOlmance and tolerances. It is therefore 
extremely important to control the vmiations of parameters in microstlip with 
fablication tolerances to achieve the desired perfonnance. 
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CHAPTER 1 
INTRODUCTION 
Thick-film is one of few methods applied to make microwave circuits. It has 
become a popular method in the low-cost manufacture of hybrid microcircuits at 
lower-than-microwave frequencies and for densely packaged digital subsystems. 
Other than that, this method also reduces cost effectively as compared to thin-film 
technology and monolithic integrated circuit (MIC) technology. 
In general, there are two (2) methods normally used to manufacture the thick-film 
circuits as described below: 
1. Thick-film patterns are first printed and fired on to the ceramIc substrate. 
Normally, alumina or an LTCC substrate will be used but occasionally, quarts 
are more prefeITed. 
2. A printed circuit technique where in this case, etching, will be performed to 
get the desired pattern in the copper cladding. Plastic and polyolefin substrates 
can also be used. 
These two (2) methods are relatively simpler and less demanding on both 
equipment and environment than thin-film technology. 
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CHAPTER 2 
LITERA TURE REVIEW 
Nowadays, the demand for new approaches of circuit technology in 
microwave circuits and systems is very much needed due to the rapid growth in that 
area. The increasing applications of microwave circuits in applications such as phased 
array antennas, satellite communications and car avoidance radar are another 
stressing factor. Therefore, to fulfil those demands, the search of new circuit 
technology that offer high perfonnance and yet low in cost is vital. Typical current 
applications for microwave circuits are as follows [1]: 
• Personal telephones 
• Wireless local area network 
• Satellite telephone systems 
• Local distribution microwave systems 
• Ground based radar systems 
• Intelligent collision avoidance systems for automobiles 
Thick-film technology may well answer the above question. It has become 
well established in the low-cost manufacture of hybrid microcircuits at lower-than-
microwave frequencies and for densely packaged digital subsystems [2]. The 
technology offers low conductor and dielectric losses with good surface finishes and 
the ability to realise fine conductor geometries. Modem thick-film ink technology 
have boosted the path into high frequency market areas due to its enhance features as 
compared to thin-film technology namely photoimageable thick-film techniques. Line 
resolutions of 12 micron are available together with via dimensions of 50 micron with 
thick-film technology. In addition, the development of etchable and photoimageable 
thick-film inks enable conductor tracks to be screen printed and further processed to 
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produce edge definition comparable with traditional etched processes [3]. Good edge 
definition of film pattems is vital in microwave circuit applications. 
Initially, traditional thick-film technology has been developed for microwave 
integrated circuits (MICs) operating at frequencies up to at least 20 GHz. However, 
various losses associated with the thick-film conductors combined with tolerancina 
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difficulties tend to restrict production circuits to a maximum frequency of 
approximately 10 GHz. 
Another major drawback of conventional thick-film technology is due to the 
fact that most dielectric materials generally available are high in dielectric constant (7 
or greater) and dielectric loss (10-2). 
Conventional thick-film technology has not gain popularity due to various 
factors. Firstly, thick-film technology is able to resolve microstrip lines very well but 
it does so with poor edge definition and relatively rough conductor surface. Next, the 
technology itself is incapable of producing the very fine dimensions required by many 
essential components in microwave design such as edge-coupled filters, Lange 
couplers, mixers and circulators. Moreover, it is difficult to realize this structure using 
thick-film technology since a small coupling gap must be ensured on the outennost 
resonators. Conventional thick-film technology limits the width of the track and 
coupling gap to approximately 100 micron but this limitation can be overcome by 
photoimageable thick-film techniques - an advance thick-film technology. 
A more defined way to improve the performance of thick-film technology has 
developed such technology called KQ which uses advanced thick-film materials in 
combination with photoprocessing and ceramic substrates to solve many microwave 
circuit problems. The new technology encompasses of thick-film gold conductors and 
dielectrics. In this case, novel particle sizing in the gold conductor will allow the 
printing and firing of a very smooth gold conductor at high density. This in tum will 
allow the application of a photoresist and the patteming of the conductor by a simple 
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etching process. The dielectric materials use a borosilicate glass based technology 
which provides low dielectric constant (3.9) and loss (10.4). 
There exists another technology namely photoimageable thick-film techniques 
that can overcome the limitation possessed in conventional thick-film technology. 
The only difference between both techniques is the fact that the standard thick-film 
pastes nOI1l1ally used in conventional technology is replaced by a photosensitive 
material. Photosensitive thick-film pastes originated from the combination of a 
photosensitive vehicle and metal-glass powders - both of which affect the electrical 
properties and resolution characteristics. 
In addition, this photoimageable thick-film inks will enable the conductor 
tracks to be screen printed and further processed to produce edge definition 
comparable with traditional etched processes. In microwave applications, good edge 
definition of film patterns are of particular important and these new thick-film inks 
now offer a cheaper alternative to traditional thin-film technology in many such areas. 
Therefore, it can be concluded that thick-film technology makes the 
requirements for the high volume, low cost circuit technologies. However, it must be 
kept in mind that although cost is the dominant factor, there will be scenarios where 
the circuit performance is critical. This will result in some low cost technologies that 
will suffer unacceptable limitations. For instance, in cases of applications which 
require accurate frequency selection to maximise the use of available frequency 
spectrum. The same goes in the production of the low loss circuitry that is needed for 
maximum battery life. 
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CHAPTER 3 
METHODOLOGY AND FACILI1-'II~S 
3.1 METHODOLOGY 
• A circuit simulator will be used to in\,estigate hO\\ errors In the gl'()llll'tr: (lltill' 
microwave circuits will affect the performance. 
• Fabrication of a typical microstrip component (i.e. Band P:1SS hltnl \'.ill I'l' 
implemented using thick-film technology allli comparison \\ill I'l' 1ll:ldc l'l,t\'.l·L'1l 
the measured performance and the design performance. 
3.2 FACILITIES 
• Thick-film fabrication. 
• Agilent ADS - a computer aided design (CAD) llllli as circuit Sllllui;ltllr. 
CHAPTER 4 
CIRCUIT TYPE 
4.1 BANDPASS FILTER 
In this project, microstrip lines and components have been chosen since they 
offer a high performance, compact and low cost microwave circuits. Indeed. there 
were many circuits, which could have been chosen, but taking into account the design 
time, fabrication time and test time, a microwave bandpass filter have be considered 
to be the best option. In order to achieve accuracy in impedance control and good 
definition of coupler and filter performance, precise geometries must be ensured in 
the microstrip lines. On the other hand, to obtain low loss in a microstrip-based circuit. 
the transmission lines must have smooth surfaces, straight edges and high 
conductivity. At the same time, the dielectric material must have a low dielectric loss. 
Microtrip geometry and dimensions both can be viewed in Figure 4.1 and Figure 4.2 
below: 
---, ......... - Substrate 
(Dielectric) 
",Ground Plane 
(Conductor) 
Figure 4.1: Microstrip geometry 
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( w ) 
hl ~/ # Er (Dielectric Constant) 
I 
Figure 4.2: Microstrip dimensions 
4.2 THE GEOMETRY OF MICROSTRIP 
Microstrip geometry can be seen in Figure 4.1. These microstlip lines require 
precise geometries for accurate impedance control and good definition of coupler and 
filter perfol111ance. The microstrip width, 11' and the height, lz are the most important 
dimensional parameters. This is followed by the relative permittivity of the 
substrate, E r. The thickness, t of the metallic, top-conducting strip is not that 
particular important that it is often neglected in RF and microwave applications. 
Nevertheless, microstrip line on-chip and on MCMs are relatively thick as a result to 
keep the resistance down while still achieving high wiling density by keeping the 
width down. Few characteristics of microstrip include the following: 
• DC as well as AC signals may be transmitted. 
• Active devices, diodes and transistors may readily be incorporated (shunt 
connections are also quite easily made). 
• In-circuit characterization of devices is straightforward to implement. 
• Line wavelength is reduced considerably (typically one-third) from its 
free-space value, because of the substrate fields. Therefore, distributed 
component dimensions are relatively small. 
• The structure is quite rugged and can withstand moderately high voltages 
and power levels. 
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4.3 TECHNIQUE APPLIED TO MAKE BANDPASS FILTERS 
Paralled-coupled microstrip technique [4] is often applied in the making of 
bandpass filters (BPFs) at microwave frequencies. During the design process, two or 
more half-wave resonators are cascaded as such to fonn the coupled multi-resonator 
BPF - each quarter-wave parallel coupled to its neighbour. This will yield a narrow-
to-moderate bandwidth. To realize this filter will definitely requires the design and 
interconnection of two distinctly different kinds of resonant LC circuits l . Directly to 
say, both series and pm"allel types are needed to directly realize this filter. It is a fact 
that any microsrip resonators electromagnetically coupled together in some way 
would exhibit at least one type of resonance, make it series or parallel but not both 
simultaneously from similar structures. Each individual resonator will then is affected 
by reactive loading from adjacent couplings and open-ended capacitive fringing. 
Coupled transmission lines have frequency sensitive coupling and can be analyzed by 
the even-odd mode method. 
Furthermore, figure below shows the most convenient way to construct the 
configuration that represents coupled A/2 open lines. 
1../4 
L_ _____ ---'ro 
~L_ _____ ---' 
Figure 4.3: Coupled Aj2 open lines. 
I LC circuit also know as Resonators 
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The equivalent circuit of two coupled AI4 open lines can be viewed as below: 
e 
Zo 
e 
J 
_90" Zo 
Figure 4.4: Two coupled A/4 open lines 
From there, it can be seen that a structure of a number of coupled lines will 
admit to an equivalent circuit of altemating series and parallel resonant circuits and 
the design parameters of the prototype filters can be imposed onto the structure of 
parallel coupled lines. 
In all, there are two (2) principles, which can describe planar coupling 
between adjacent resonators, which are: 
• End coupling 
• Edge coupling 
4.3.1 EDGE COUPLING (PARALLEL-COUPLED) BANDPASS FILTER 
In this project, more interest is placed upon this parallel-coupled bandpass 
filter. It is known that, when the length of the coupled region is As /4 or some odd 
multiple, maximum coupling will be possessed between the physically parallel 
microstrips. In order for resonance to occur, the length of each resonator element has 
to be AI: /2 in length or any multiple thereof. Illustration of this idea can be viewed 
below. 
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~ ~I -_~_._ I 
-_ l~ ___ 1 1.-- ..; 
Figure 4.5: General microstrip configuration for a seven-section, parallel-coupled 
bandpass filter [5] 
From Figure 4.5, I, , ....... , I ~ == Ag /4. The design of the circuit come with the 
assumption that this fairly straightforward cascade of parallel-coupled microstrip 
resonators can be designed on a basis of all-parallel resonator networks together with 
intervening circuits known as inverters. 
Therefore, in a nutshell, there are four (4) main design steps [6] for parallel-
coupled bandpass filter and they are: 
1. One-type resonator network will have to be determined from the 
original prototype. 
n. The even- and odd-ordered characteristic impedances, ZOe and Zoo' 
will then have to be evaluated from the network parameters so that 
they will be applicable to the parallel-coupled microstrip. 
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111. Next, the values of ZOe and ZOn will be related to microstrip widths 
and separations (w,s). The procedures have been described in lengthy 
in Chapter 6 from [7]. 
IV. The last part are to calculate the whole resonator length 21 to be 
slightly less than Ag /2 and the coupled-section of length [" which is 
slightly less than Ag /4. 
Ag in this case is the mid-band and average microstrip length. In the design 
process, allowance should be made for the semi-open-circuit microstrip end-effects, 
which exist for all elements in this circuit just as what will be discussed in Topic 
6.2.1 
In microstrip, the structure of the transmission line conductors of the coupled 
line filters can be observed below with the offsets between A/4 sections added to 
pennit seeing the individual coupled line pairs. 
Zo Zoe, Zoo 
Zo 
Figure 4.6: Tranmission line conductors of the coupled line filter in microstrip 
The even- and odd-ordered characteristic impedances, ZOe and Zoo are major 
design parameters for any parallel-coupled transmission line configuration no matter 
what its application. These impedances are functions of the degree of coupling, C and 
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the single-line terminating characteristic impedance, ZO. The fact that ZOe and Zoo 
have in relation with the physical dimensions of the coupled structure are of plime 
impOltance in the design process. How this works? Equivalent to the single microstrip 
lines, the value of ZOe and Zoo can also be detennined from the known physical 
dimensions, which amounts to analysis. On the other hand, the value of the physical 
dimensions may be extracted from the starting values of impedances but with greater 
difficulty of course. 
The design stage of microstrip couplers requires important starting parameters 
to be defined at first [8] and they are: 
• Coupling factor, C at the centre frequency - usually in decibels. 
• Permittivity, E R and thickness, t of the substrate. 
• Tenninating characteristic impedance, Zo - usually son 
• Bandwidth, B and centre frequency, fo 
• Coupling factor tolerance over the band - sometimes 
• Lowest acceptable directivity, D in decibels. 
Only then, from the infonnation of these parameters that the designer must 
determine the widths of the microstrip lines, the separation between them and the 
length of the coupled region. 
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4.3.1.1 Impeda1lce a1ld Adm itta1l ce I1lverters 
Analysis and design of transmission line filters can be made possible with the 
added tool of the impedance or admittance inverter. These transmission line networks 
only involve A/4 rather than A/8 lines [9]. It comes with the knowledge that quarter 
wave lines can transform series connected element to shunt element and vice versa. 
There also exist combinations of transmission line and lumped elements that perform 
the same function. In all, transmission line networks having this general property are 
called impedance and admittance inveI1ers. 
The quarter wave and altemative implementation of both types of inverters can be 
viewed in Figure 4.7 and Figure 4.8 
~ K :B ±90° 
)J4 
0 0 
Zo = K 
a 0 
::: 9/2 ~jX zo: 
Figure 4.7: Impedance Inverters 
Quarter-wave transfOImer takes the simplest form of an impedance inverter. 
Such circuit components transform any load impedance by the quantity of zg where 
Zo is the characteristic impedance of the quarter-wave transfonning section of line. 
The squared terms of characteristic impedance will give arise the impedance and 
admittance inverters. 
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~ J :t90° 
1..14 
a 
---------------0 
Yo = K 0------0 
jB 
~~ 
Yo Yo 
Figure 4.8: Admittance Inverters 
For admittance inverters or also known as l-inverters, a network made up of 
this type of inverters and unifonn-type resonant circuits can be made equivalent to the 
original network consisting of two (2) types of resonant circuit - series and parallel. 
The impedance level will definitely vary through the system but these two (2) 
features stated below must be maintained to keep the equivalence and they are: 
• The resonant frequency must remain constant. 
wg = l/LC 
• Impedances at similar planes in each network must be equal. 
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From Figure 4.7, 
From Figure 4.8, 
For the impedance inverter, Z = K 21z[ 
'" ~ 
For the 90° line, K = Zo 
For the lumped element implementation, 
K X=-----,----
1-(KIZ o)2 
G _12X =-tan -
Zo 
For the admittance inverter, Yill = J 2IYI• 
For the lumped element implementation, 
J = Yo tanlG/21 
J B - ----;------:::-
- 1- (J IYo)2 
_12B 
G=-tan -
Y o 
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For both cases, the transmission line lengths of el2 are generally negative but 
it does not constitute a problem if the lines can be absorbed by reducing the length of 
connecting transmission lines on either side as can be seen in the making of filters. 
4.3.1.2 Admitta1lce I1lverter Parameters, J 
From Figure 4.5, the 'first coupling structure' that is fonned by WI, Sl, w] also 
has the same W], Sl, WI at the opposite end of the filter. The quantities 'g' refer to the 
prototype element values. For example, gO = 1 and g1 = 0.781 as may be observed 
from the table of a sixth-order Chebyshev prototype. This is a standard data that is 
available in almost references. Therefore, the admittance inverter parameters, J [10] 
are as below: 
For the first coupling structure: 
For the intermediate coupling structures: 
J j.j+l 
Yo j;lro(n-l) 
For the final coupling structure: 
J II ,II+1 nd 
y 
o 2g n g n+1 
8 in these three cases is the fractional bandwidth 
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(4.1) 
(4.2) 
(4.3) 
(4.4) 
The frequency transformation from the low-pass prototype filter to the bandpass 
microwave filter is then: 
(4.5) 
where w;. : prototype cut-off frequency and equals to 1.0, and 
w; has to be defined in the filter specification 
The last part of the design is to find the value of odd- and even-mode coupled-line 
impedances. ZO<' and Zoo' The equations are given below: 
For even-mode impedances, Zo<, 
(Zo<') j.j+l = Zo (1 + aZo + a 2Zg) 
For odd-mode impedances. Zoo 
where a = J .. I j.j+ 
(4.6) 
(4.7) 
Zo : the 'system' charactelistic impedance which is the lines 
feeding the filter. 
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